doubling the size of the rodent pancreas relative to body weight (27, 41) . Furthermore, this effect is abrogated in both CCK (41) and CCK-A receptor-deficient mice (36) .
Work on CCK-driven pancreatic growth in vivo has thus far focused on the following three pathways: mitogen-activated protein kinases ERKs and JNKs (8) , nutritional sensors AKT and mammalian target of rapamycin (mTOR) (3) , as well as the calcineurin-nuclear factor of activated T-cells (CN/NFAT) cascade (41) . First, elevated CCK-induced by administration of protease inhibitor (PI)-containing chow has been shown to activate ERK, JNK, and their downstream mediators, including activated protein-1 (AP-1) (8) . Second, CCK also activates the atypical kinase mTOR, which leads to phosphorylation of initiation factor 4E binding protein and protein S6 kinase, as well as resultant increase in protein synthesis (1) . In addition, rapamycin, a well-known inhibitor of mTOR, blocks CCKinduced pancreatic growth and acinar cell division (3) . Finally, CCK activates CN and its downstream transcriptional effector nuclear NFATs, both in vivo and in isolated acini (10) . CN is necessary for pancreatic growth, as administration of its inhibitors FK506 and cyclosporin A leads to near complete ablation of this response (41) . Likewise, acinar cell-specific overexpression of Rcan1 (regulator of calcineurin 1), an endogenous feedback inhibitor of CN, is also sufficient to block this response (9) . A limited, single time point gene expression array analysis carried out as part of the above-mentioned study, however, also suggested that adaptive growth of the pancreas is a complex response involving multiple other pathways.
Classically characterized as mediators of cytokine signaling, the components of the JAK-STAT pathway have now been shown to play a critical role in gastrointestinal homeostasis (6, 15) . Disregulation of JAK-STAT may be an important component of inflammatory bowel disease (37) . IL-6 receptor and leukemia inhibitory factor, both of which signal via Jak-STAT, are key in liver regeneration following partial hepatectomy (29) . Furthermore, deletion of suppressor of cytokine signaling 2 (SOCS2) leads to disinhibition of Jak-STAT and resultant 30 -40% increase of lean body weight (28) . In the pancreas, the role of Jak-STAT signaling has been examined almost exclusively in the islets of Langerhans. STAT5 and Socs3, for instance, have been shown to regulate pancreatic ␤-cell mass and proliferation (18) . Activation of Jak-STATs in the exocrine compartment and the potential role of this pathway in GI hormone-mediated pancreatic growth, however, remain unexplored.
Several large-scale profiling studies to characterize pancreatitis and pancreatic cancer have been performed (14, 22) , but analogous study of adaptive, hormonally driven pancreatic growth has yet to be completed. A better understanding of pancreatic growth and regeneration should inform the development of clinical applications aimed at manipulation of digestion and metabolism.
Insights from work on adaptive growth mediated by GI hormones may also impact the efforts to manipulate exocrine fate for therapies aimed at pancreatic cancer, pancreatitis, or even diabetes. Recent advances surrounding the plasticity of acinar cells further highlight this topic (13, 30) .
The objective of this study was to perform rigorous computational and experimental analysis of the genetic program that underlies the early, 1-8 h time course of CCK-mediated pancreatic growth. This work led us to identify and evaluate Jak-STAT signaling as a novel and potentially important pathway activated in the course of this hormonally driven trophic response.
METHODS
Materials. Synthetic PI camostat, also known as FOY-305, was provided by Ono Pharmaceuticals (Osaka, Japan). TaqMan reverse transcription reagents and expand high-fidelity PCR system were from Roche (Basel, Switzerland). Trizol and PCR primers were obtained from Invitrogen (Carlsbad, CA) and RNAlater from Ambion (Austin, TX). Antibodies were obtained as follows: phospho-Tyr705 STAT3 (#D3A7) from Cell Signaling (Boston, MA), total STAT3 (#61018) from BD Transduction Laboratories, Socs2 (Ab3692) from Abcam (Cambridge, MA), Lamin A/C (sc-20681) from Santa Cruz Biotechnology (Santa Cruz, CA), and cyclophilin A (07-313) from Upstate Biotechnology (Lake Placid, NY). Secondary antibodies and enhanced chemiluminescence (ECL) reagents came from Amersham Pharmacia (Piscataway, NJ). Precast gels, nitrocellulose membrane, and SDS-PAGE standard markers were from Bio-Rad (Hercules, CA). CCK-8 peptide was from Research Plus (Bayonne, NJ) and MiniComplete protease inhibitor cocktail from Roche. All other chemical reagents were obtained from Sigma (St. Louis, MO).
Animals and treatment. Male ICR mice (Harlan Sprague-Dawley, Indianapolis, IN) weighing 25-30 g were used for all experiments. The mice were housed at 22-24°C on a 12 h light/dark cycle with free access to water and a standard, pellet chow (5001 Rodent Diet; PMI Nutrition International, St. Louis, MO). Prior to initiating any study, we first acclimated animals to the powder form of the chow for at least 2 days. The mice were then fasted overnight, refed with control powder chow or powder chow containing 0.1% PI for 1-8 h, and then sacrificed. All studies were approved by the University of Michigan committee on Use and Care of Animals.
RNA isolation, RT, and PCR. RNA isolation, cDNA synthesis, and PCR followed the same procedures as previously described (9) . Briefly, total RNA was isolated from pancreas using TRIzol and RNeasy spin columns (Qiagen, Valencia, CA). RNA quality was evaluated by agarose gel electrophoresis and nanodrop spectrophotometer (Thermo Scientific, Wilmington, DE). We reverse transcribed 1 g of total RNA using TaqMAN reagents with random hexamers as primers. PCR and qPCR were carried out using reagents from Expand High Fidelity PCR system in an Eppendorf Epgradient Mastercycler and realPlex, respectively (Hamburg, Germany). The primers were designed with Primer3 ver4.0 based on gene sequences retrieved from GenBank NCBI.
Microarray and bioinformatics. RNA was isolated as above, with cDNA synthesis, hybridization, and fluorescence signal optimization carried out on Affymetrix 430A gene chips at University of Michigan microarray core according to manufacturer's protocols. The data sets were initially compared by ANOVA with P values of the groups subject to F-test. False discovery rate (FDR) and associated q-values were then derived, as previously described (39) .
Pertinent details can be obtained at: http://www.gurda.net/ PMID_2210007/, and the complete set of data has also been deposited in Gene Expression Omnibus at http://www.ncbi.nlm.nih.gov/geo/. Bioinformatics analysis was done in an analogous fashion to our previously published work (9) . Briefly, we performed and periodically updated a batch annotation of all probe sets using Netaffx software, available online through Affymetrix (Santa Clara, CA). We computed measures for FDR and defined an appropriate cutoff (q Ͻ 0.04 -0.06) using opensource bioconductor package in R. Differentially regulated genes were then more extensively annotated and analyzed using Gene Ontology Tree Machine (GOTM) software (45) , per authors' instructions. Further pathway and disease-directed, time point-specific analysis was also carried out using Ingenuity software, per authors' instructions. Network association analysis was performed as previously described (42) , excluding oncomine database but otherwise at default settings. To analyze transcriptional regulation, we used the default 600 bp region of the promoter upstream of the start site, obtained using automatic retrieval tools on Genomatix software suite (2); sequence identification of TRANSFACbased transcription factor binding site motifs were then carried out using Region Miner tool within Genomatix, per manufacturers' instructions.
Lysate preparation and Western blotting. To generate whole tissue protein lysate, pancreatic tissue was homogenized with a polytron homogenizer in an ice-cold phosphate-buffered saline with MiniComplete protease inhibitor and then briefly sonicated; debris was removed by centrifugation, and supernatant was saved for further analysis. Protein concentrations were determined using protein assay reagent (Bio-Rad, Hercules, CA). Aliquots of the lysates were mixed with 4ϫ SDS stop solution and boiled for 5 min. They were then loaded onto precast SDS-polyacrylamide gels (Bio-Rad), followed by electrophoresis, transfer onto nitrocellulose membranes, blocking, and incubation overnight with primary antibody at 4°C. The membranes were then washed, incubated with the appropriate secondary antibody, and visualized by ECL chemiluminescence using Alpha Ease FC8900 imaging system (Alpha Innotech, San Leandro, CA).
Immunohistochemistry. Cryostat sections (6 m thick) of snapfrozen pancreas were picked up on glass slides and fixed for 10 min in 100% methanol at Ϫ20°C. Immunofluorescence localization was performed following methods described previously (8) . Rabbit monoclonal anti-P-STAT3 (#D3A7) antibody from Cell Signaling was diluted 1:800; secondary antibody was Alexa 594 diluted 1:200. DAPI (4=6-diamidino-2-phenylindole) was added to the mounting medium to counterstain nuclei. Digital images were taken with an Olympus BX-51 microscope and processed using Photoshop CS2 software (Adobe System, Mountain View, CA). Quantitation of nuclear signal was carried out using Metamorph software (Olympus, Japan), with mean and standard deviation derived from automated counts of eight ϫ40 fields per animal. Results were calculated as the ratio of pSTAT3-positive to DAPI-positive nuclei.
Statistics. Statistical treatment of array and sequence data was performed as described above. For other experimental work, multiple comparisons were performed by one-way ANOVA followed by Dunnett's posttest, whereas two-way comparisons were performed via two-tailed Student's t-test; these were carried out on Graphpad Prism software (Hearne Scientific, Auckland, New Zealand).
RESULTS

Defining the genetic program of CCK-mediated pancreatic growth.
Expression profiling was performed on PI-fed mice, an established model of hormonally driven pancreatic growth (41); feeding was synchronized by an overnight fast and fasted Summary data of the number of genes significantly up or down (Յ 3-fold, false discovery rate Ͼ0.04 -0.06) with protease inhibitor (PI) feeding vs. fasted controls at 1, 2, 4, and 8 h and at any point along the entire 1-8 h time course of early pancreatic growth. Overall, almost all differentially expressed genes were upregulated at 1 and 2 h time points, whereas the distribution of upregulated vs. downregulated genes at the 4 and 8 h points was more even (Table 1) . We also performed an overlay of the data at the 2 h time point with other previously published, array-generated sets of genes, including our prior work focused on CN-NFAT signaling at the 2 h time point of PI feeding (9), pancreatitis (14) , and pancreatic cancer (22) . We found a large degree of overlap with our past data sets (54% and 45%), a more moderate overlap with pancreatitis (12%), and no overlap with pancreatic adenocarcinoma (0%) (Supplementary Table  S1 ). Lastly, we annotated and listed the top 5 differentially regulated genes at each time point (Table 2) . Examples of these include the following: stress response genes Gdf15 and Txnip, regulators of cell metabolism Pitpnc1 and Hmges, as well as growth factor response genes Fgf21, Atf3, and Egr-1. Another category includes feedback inhibitors, such as Rgs2, Socs2, Socs3, and Sel1l, as well as previously documented Rcan1, which together may act as a brake for adaptive growth. Most of these genes are previously unknown in context of hormonally driven pancreatic growth and comprise a set of candidate mediators of this adaptive response.
To define common characteristics and patterns among differentially expressed genes, we performed association network 1 The online version of this article contains supplemental material. analysis using Molecular Concept Mapping (MCM) as well as automated functional annotation via Ingenuity software suite and GOTM. The analyses confirmed previous observations and generated some unexpected findings. Among MCM associations, upregulated genes were linked to concepts including: the MAPK pathway and its downstream transcriptional effectors AP-1 and ATF3, cell cycle and apoptosis, growth factor and heparin binding activity, as well as genes down in stem cells vs. differentiated counterparts (Fig. 1A) ; downregulated genes were linked to concepts such as: branched amino acid and fatty acid metabolism, oxidoreductase and unfolded protein response, serum response, and transcription factor motifs for TGIF and cMyc (Fig. 1B) . Ingenuity-based analysis showed two temporally distinct programs: genes altered at 1-4 h were enriched for functional categories of signaling necessary for initiation of growth (top 5, Fig. 1C) , whereas those at 4 -8 h were enriched among categories centered on metabolism and mobilization of intracellular machinery during early stages of growth (top 5, Fig. 1D ). The complete list and measures of statistical significance for all significantly enriched functional categories are shown in Supplementary Table S3 ; similar results were observed even when less stringent criteria (Ն2-fold change, q Յ 0.1) were applied ( Supplementary Fig. S1 , C and D). An independent GOTM-based analysis led to analogous findings. Upregulated genes, again the majority at 1-4 h, showed significant enrichment for functional categories related to early signaling events such as those mediating cell migration and angiogenesis, whereas downregulated genes, mainly at 4 -8 h, were enriched for genes responsible for oxidation/ reduction and metabolism ( Supplementary Fig. S2 ).
Transcriptional dynamics underlying initiation of pancreatic growth. The work described thus far treated differentially expressed genes at each time point as independent "snapshots" in time. To examine the dynamic interrelationships between genes in context of the entire 1-8 h time course, we carried out hierarchical clustering. The genes significantly altered at any point of early pancreatic growth organized into seven distinct groups (Fig. 2, clusters A-G) , each with a clear temporal pattern: peak at 2-8 h (cluster A), up at 4 h and/or 8 h (cluster B), peak at 1-2 h (cluster C), up at 4 -8 h (cluster D), down at 2-8 h (cluster E), down at 4 h (cluster F) and decreasing, with maximal trough at 8 h (cluster G). For illustrative purposes, we also graphed the expression profiles of 12 random genes per cluster (black) and mean fold changes for the entire cluster (red). In addition, we performed an overlay of these data with CN-dependent/FK506-sensitive genes (green arrows) obtained from our earlier work (9); the CN-dependent genes were concentrated largely in cluster C with 25% overlap vs. 8% in cluster B and 6% in cluster A.
Next, we used qRT-PCR to experimentally validate a representative gene in each of the upregulated clusters: Egr-1 for cluster A, Gadd45b for cluster B, Rgs2 for cluster C, and Serpinb1a for cluster D (Fig. 3, A-D) . We also examined the time course of two control genes: Rcan1, a previously characterized and robustly induced gene (Fig. 3E) , and cyclophilin A, a gene with a static level of expression throughout early pancreatic growth (Fig. 3F) . Aside from the expected nullresult for cyclophilin A, all of the genes we examined produced a significant (P Յ 0.01) increase in expression vs. fasting, with fold changes similar to those observed in microarray data.
Identifying regulatory mechanisms and Jak-STAT as a novel activated pathway. The dynamic genetic programs that drive physiological responses like pancreatic growth are orchestrated by complex networks, which in turn converge upon two main gateways: control of expression and posttranscriptional feedback (35) . We investigated genes upregulated at any point in the course of our 1-8 h profile of pancreatic growth (Ն3-fold induction vs. fasting and q Յ 0.04 -0.06), yielding a set of 314 genes. In addition, we also used a previously defined set of 51 probes, representing 38 unique CN-dependent genes (10) . Analyzing the two groups in conjunction via MCM, we showed associations with growth factor activity, cytoskeletal organization and apoptosis, NF-B and Jak-STAT signaling, as well as two literature-derived concepts related to differentiation (Fig. 4A) . Search for STAT transcription motifs among promoters of genes significantly induced at any point along the 1-8 h course of PI feeding demonstrated a small, but significant enrichment among STAT3 sites (Fig. 4B ). An analogous strategy was carried out to search for STAT-containing transcription factor complexes or "modules," yielding 41 enriched and 61 de-enriched modules vs. expected rates in genome-wide promoter sequence. Top 5 among both categories, sorted by z-score, are shown (Fig. 4C) .
Informed by these findings, we proceeded to experimentally test activation of STAT signaling in the course of hormonally driven pancreatic growth. The active, phospho-Tyr705 form of STAT3, showed a strong nuclear signal in the pancreases of PI-fed mice, but no staining in fasted controls; the staining showed an increase at 1 h, peaked at over 75% nuclear occupancy at 2 h, and decreased at 3 h (Fig. 5A ). These changes were paralleled by Western blot data with p-STAT3 Fig. 3 . RT-qPCR assays for a representative gene from each upregulated cluster: Egr1 (A), Gadd45b (B), Rgs2 (C), and Serpinb1a (D). Rcan1 (E) and cyclophilin (CycloA) (F) were shown to be upregulated and unchanged, respectively; n ϭ 4 -7, **P Ͻ 0.01. signal increasing to a peak at 2-3 h, with ϳ10-fold change vs. fasted controls; no change was observed for total STAT3 (Fig.  5B) . To examine subcellular localization of p-STAT3 and cell-type specific changes, we overlaid multiple immunohistochemical markers at the peak 2 h time point and showed that STAT3 activation occurred specifically in acinar cells, with no increase in nuclear p-STAT3 in either islets or ducts (Fig. 5C) . Moreover, the increase in p-STAT3 occurred only in the setting of elevated endogenous CCK induced by PI feeding; in the two control treatments known to have much less effect on endogenous CCK (mice fed ad libitum, or those fasted and refed control chow) the levels of p-STAT3 were no different than in the baseline fasted mice. This was evidenced both by immunohistochemistry (Fig. 6A ) and Western blots (Fig. 6B) , with quantitation of the former experiments showing over 75% nuclear p-STAT3 in PI-fed mice and Ͻ0.1% nuclear p-STAT3 in the remaining groups (Fig. 6A) . We also showed the increase in p-STAT3 requires CCK, as the effect was abolished in CCK-deficient mice (Fig. 6C) .
Socs2, which serves as a negative feedback regulator of Jak-STAT, is a transcriptional target of STATs. Consequently, we used Socs2 expression as readout of Jak-STAT activation. Using end-point RT-PCR and then quantitative, real-time RT-PCR, we showed that Socs2 mRNA increases in context of early pancreatic growth with a peak at 2-4 h (Fig. 7, A and B) . Socs2 protein expression likewise increased, though with a slightly delayed peak at 2-8 h (Fig. 7C) . With long-term PI feeding, Socs2 protein remained elevated up to 48 h, the last of the 12 h intervals we tested (data not shown). We also studied Socs3 and phospho-STAT5 in less detail; we found an increase in Socs3 mRNA by qRT-PCR and increased protein expression of both Socs3 and STAT5 by Western blotting (data not shown).
DISCUSSION
The pancreas has been shown to be an adaptable organ with regenerative potential to recover from inflammation or resection, as well as robust growth in response to high protein diet, hyperphagia, pregnancy, and lactation. The molecular mechanisms that govern metabolic and trophic adaptation of the pancreas, however, are poorly understood with only a handful of signals characterized thus far (43) . Past efforts to decipher molecular underpinnings of adaptive, hormonally driven pancreatic growth were carried out by candidate-driven approaches and centered almost exclusively on the MAPK cascade (8), AKT-mTOR (3), and CN-NFAT (10). More recently, our work demonstrated the power of unbiased global expression profiling with identification of Rcan1, an endogenous feedback inhibitor of CN-NFAT; acinar cell-specific overexpression of this protein was sufficient to completely block pancreatic growth (9) .
Here, we employed an unbiased, global approach. We identified a large, new set of 533 genes (314 up and 219 down) significantly altered throughout early 1-8 h course of CCKdriven pancreatic growth. We found that fewer genes are upregulated at the earliest 1-2 h time points and almost none are repressed. The initial preponderance of upregulated, or so called "immediate early response" genes, has been observed in other systems modeling biological adaptation (19, 26) . The complete list of differentially regulated genes contained many intriguing candidates and should prove to be fertile ground for further hypothesis-driven research (Supplementary Table S2 ). In particular, we noted a number of genes involved in growth factor and extracellular signaling (FGF21 and HbEGF), transcriptional regulation (Atf3, Egr1, and Jun), as well as feedback inhibition (Rcan1, Socs3, and Rgs2). Several upregulated and downregulated genes, like Nedd9, Gadd45b, and Sesn1, were involved in regulation of the cell cycle; others, including Acat2, Slc6a6, Ech1, and Gsta3, were involved in metabolism.
A statistical, bioinformatics-driven analysis of differentially expressed genes yielded further insights. Association networks produced by molecular concept mapping (MCM) confirmed the likely importance of MAPK signaling, transcription and growth factors, cell cycle, and small G proteins as components of the early trophic response. We also analyzed genes representing repressed or downregulated transcripts as well as those altered predominantly at later time points (4 -8 h); in these groups, most associations relate to protein modification, trafficking, and metabolism, suggesting that intracellular reorganization and metabolic reprogramming may be an important priming step for growth. Another intriguing observation was that our network associations favored differentiated vs. stem cell/progenitor profile (Fig. 1, A and B, and 4A ), while analysis of the promoters of genes (data not shown) and modules (Fig.  4C) showed de-enrichment for transcription factors that may play a role in determination/maintenance of embryonic stem cell fate (40) . This paralleled our earlier work showing that increased BrdU incorporation in context of CCK-driven pancreatic growth took place in mature-appearing acinar cells with strong staining for amylase (9) . In contrast, there is evidence that biological processes in CCK-driven acinar cell division in vitro (23) , pancreatic regeneration following pancreatitis (13) , or unrestrained cellular proliferation of pancreatic cancer (30) may all involve either progenitor cells or dedifferentiation from an acinar cell profile. Thus, there may be two different paradigms of growth: division of mature acinar cells or progenitors/ de-differentiated cells.
The sets of differentially expressed genes can be studied as independent entities at each time point; here, however, we also took advantage of the opportunity to analyze temporal dynamics of gene expression. We performed hierarchical clustering and thereby identified and characterized seven distinct groups of genes, each with an independent pattern of expression (Fig.  2, A-G) . We went on to validate expression for a gene in each of the four upregulated clusters by qRT-PCR. These were chosen, in part, based on subjectively relevant biological function; Egr1 had been shown to be a key regulator of gene expression in acute pancreatitis (14) , Gadd45b as an important DNA repair and cell cycle regulator in pancreatic cancer (12) , Rgs2 as feedback regulator of G protein receptors and perhaps CCK1 receptor (16) , and Serpinb1a as a cytoprotective gene in pancreatic growth following partial pancreatectomy in exedin- (4) . Any of these genes may be a centerpiece for future work, particularly comparative studies of pancreatic development, adaptation and pathogenesis.
4-treated mice
Coordinately expressed genes are more likely to share common regulatory frameworks and much of the work in the genomics community has been focused on regulation of transcription. Here, we performed two bioinformatics-based analyses. First, we overlaid the previously identified 38 CNdependent genes onto the cluster of 314 genes upregulated at any point in the 1-8 h course of pancreatic growth. The majority fall in cluster C with a peak at 1-2 h, corresponding to activation kinetics of CN-driven NFAT transcription factors. Second, we used 314 genes up at any point of early pancreatic growth in conjunction with the 38 CN-dependent genes to perform further MCM network associations as well as a Genomatix-based search for STAT transcription factor motifs and modules. We identified an enrichment for Jak-STAT signaling, particularly STAT3, pointing to this pathway as a potential new player in hormonally driven pancreatic growth.
Jak-STAT pathway is a well-known regulator of the immune response, and more recently it has also been shown to play a role in metabolism and growth (7) . STAT activation drives the expression of many genes, including SOCS proteins, which act as endogenous feedback inhibitors that terminate the STAT signal. In the pancreas, Jak2-STAT3 pathway is activated in pancreatic cancer (7) and regulates angiogenesis and metastatic potential (7), whereas inhibition of the pathway suppresses malignant proliferation (17) . Also of interest, cross talk between Jak-STAT and CN-NFAT signaling has recently been uncovered in the context of cardiac hypertrophy (24) . Here, we showed an acinar cell specific and CCK-dependent increase in the active, phospho-form of STAT3 in the initiation of hormonally-driven pancreatic growth. Moreover, we showed an increase in mRNA and protein levels of Socs2, a target of STAT signaling. By predicting and then documenting Jak-STAT activation, we demonstrated the hypothesis-generating power of large-scale profiling in physiological models of adaptation. Whether Jak-STAT signal is activated directly or as a result of paracrine effects remains to be seen. With this work, STAT3-Socs2 joins CN-NFAT-Rcan1 as potential molecular switch in CCK-mediated, adaptive growth of the pancreas.
Recent advances have underlined the inherent plasticity of cell fate in the pancreas, bringing renewed promise for diagnostic and therapeutic tools useful in pancreatitis, pancreatic cancer, and diabetes. The expression profile of hormonally mediated pancreatic growth could prove useful in efforts to Fig. 6 . Activation of STAT3 requires an increase in endogenous CCK induced by PI feeding. A: immunohistochemistry for P-Tyr705 STAT3 and staining for DAPI in exocrine pancreas for the following conditions: fasting, ad libitum feeding, and fasting with refeeding of either control chow or chow containing PI. Representative ϫ40 field (top) and quantitation of percent nuclear localization of P-STAT3 (bottom), with 4 mice per group (n ϭ 4, **P Ͻ 0.01). B: representative Western blot (top) and summary data of P-Tyr705 STAT3, total STAT3, and CycloA (control) for same conditions as listed in A; 4 mice per group (n ϭ 4, **P Ͻ 0.01). C: representative Western blot (top) and summary data for wild-type (WT) and CCK-deficient (CCKϪ/Ϫ) mice that were fasted or fasted and then refed PI-containing chow; 3 mice per group (n ϭ 3, **P Ͻ 0.01).
untangle the constraints of differentiation, particularly because in contrast to other models, cell division induced by PI feeding appears to take place in mature acinar cells, not progenitors or dedifferentiated cells. In terms of Jak-STAT signaling, activation of pathways formerly thought to be functionally restricted to inflammation has now shown to be critical in adaptation, including growth, metabolic reprogramming and adipogenesis (11, 32) . This concept is not without precedent in the exocrine pancreas. We have shown that NFATs, known to be involved in T-cell differentiation and cytokine production (25) , are activated in the course of CCK-mediated pancreatic growth (10) . Furthermore, a key transcriptional effector of microbial and cytokine-induced signaling, NF-B, has now been shown to be activated in pancreatitis and may be an important determinant of disease severity (34) . Our work here, particularly the identification of STAT3-Socs2 activation in context of adaptive pancreatic growth, should prove a good point of departure for continued research in this area.
In summary, we have carefully dissected the genetic program that underlies early events in hormonally mediated pancreatic growth. We identified and experimentally validated novel growth-related genes, analyzed their interrelationships, and thereby uncovered new functional, temporal, and regulatory frameworks. This work led us to computationally identify and experimentally evaluate STAT-Socs signaling as a novel player in adaptive, hormonally driven pancreatic growth.
